This paper investigates the relationship between technology specialization and innovation performance of firms emphasizing technology transfer activities with universities as an important knowledge source in order to attenuate the opportunity costs of technological specialization. Based on an econometric analysis combining patent data and survey data on technology transfer activities of firms it was found that technology transfer is positively related with the sales share of innovative products. Following the "technology trajectory (path)" increases the probability of an above average innovation performance. Taking into account the combined effects of transfer activities and technological specialization and in this way approximating the idea that transfer activities enable a firm to be specialized and keep the knowledge base broad and upto-date, we detect a significant positive relationship between the combined effect (transfer and specialization) and the innovation performance of a firm. Smaller firms tend to benefit more from the combination of technology specialization and transfer activities with universities compared to larger firms. 
Introduction
This investigation looks at the relationship between technology specialization and innovation performance of firms emphasizing technology transfer activities with universities as an important knowledge source in order to attenuate the opportunity costs of technological specialization.
To this end we combine patent data and firm-level data related to the transfer activities of firms. Based on this data … a) … we want to look at the relationship between firm's innovation performance and knowledge and technology transfer activities with universities. From earlier studies we know that transfer activities with universities or public research institutions are positively related to the innovation performance of firms.
This was particular the case for RD (research and development) collaboration with universities and other public research institutions in European countries (see Becker 2003, Fritsch and Adams et al. (2003) found that cooperative research and development agreements (CRADAs) have stimulated industrial patents and company-financed R&D in the industrial labs of 200 major U.S.
companies. b) … we want to investigate if technological specialization and technology path dependency (see Antonelli 1997) or following a technology trajectory (see Dosi 1982 ) is a profitable behavior of RD active firms. Profitable means whether there is a positive relationship between technological specialization and the share of innovative products on total sales. The efficiency gains resulting from following the technology trajectory combined with 'localized learning' are expected to narrow the technological flexibility of a firm, since the opportunity costs for alternative technologies are increasing. In the longer run such innovation behavior is likely to narrow future possibilities for innovation (see Forey 1997) and causes inefficiencies on a makro-level, unless firms succeed to adapt their knowledge or technology base to meet new 3 requirements. How to reach the goal, i.e. to focus on a technology trajectory and remain flexible for alternative technologies?
A redefinition of 'firm boundaries' (see Brusoni et al. 2001) or more concretely (formal or informal) RD networks 1 or transfer activities between private enterprises and public research institutions are possible organizational measures in order to reduce technology ignorance and thus lower the risk of missing the application potential of promising newer technologies. This leads us to the next question.
c) … we further want to investigate if the combination of technological specialization and technology transfer -in our case access to university sources and knowledge -enables a firm to be technologically specialized and to maintain or even enlarge their knowledge base through technology transfer with universities. While the relationship between the knowledge base of a firm and external knowledge has been researched from different angles, the role of technological specialization has been not considered in this context so far. For example, Levinthal (1989, 1990) emphasize the importance of the 'absorptive capacity' of a firm for the ability to make use of external knowledge sources efficiently. Leiponen (2005) related the depreciation rate of knowledge to the investment affinity in the internal knowledge base or external knowledge resources. Freeman (1991) argues that the contribution of scientific institutions tends to be predominant in the early stages of more radical innovation, while the experiences of users are very important for the incremental type of innovation at later stage; literature on lead-user behavior (see von Hippel and Urban 1998) somehow questions that general statement.
d) … we want to investigate if our results hold for large firms and/or SMEs (small and medium sized firms) as well. Firm size in general is a very important factor for transfer activities (see Arvantitis et al 2005) , the innovation behavior of firms (see Schumpeter 1943, Acs and Audretsch 1987) , and technological specialization (see Woerter 2008) . We want to see if we get some size implications for the econometric setting at hand as well.
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In sum we found that technology transfer is positively related with the sales share of innovative products. It also became obviously that a technological focus (based on patent data) increases the probability to have a better innovation performance. Taking into account the combined effects of transfer activities and technological specialization and in this way approximating the idea that transfer activities enable a firm to be specialized and keep the knowledge base broad and up-to-date, we see also a significant positive relationship between the combined effect (technological specialization and transfer) and the innovation performance of a firm. Furthermore one can see that smaller firms are tending to benefit even more from the combination of technology specialization and transfer activities with universities compared to larger firms.
In chapter two the conceptual approach, the empirical models and the variables are introduced. In chapter three we introduce the 'balance' measures in order to identify the technological specialization of a firm. Chapter four describes the data and chapter five shows the results. In chapter six some conclusions are presented.
Conceptual approach, empirical models, and variables a) Conceptual approach
Firms can be seen as bundles of resources (Penrose 1995) . Firms differ in their resource endowment (Penrose 1959 , Wernerfelt 1984 , Barney, 1991 Barney et al., 2001) . Teece et al. (1997) mention several reasons for the persistence of firm behavior due to the specificity of resource endowment: firms lack the organizational capacity to develop new competences, some assets are not tradable (e.g. tacit knowledge), and needed inputs have to be bought at relatively high prices that reduce possible rents. Based on the resource endowment, firms' develop working routines in order to reduce environmental complexity (Nelson 1995) . Routines result from successful behaviors in the past, from the successful combination of firm resources. They symbolize goal-oriented learning and selection and, thus, applied routines are the best available procedure from the perspective of the firm. Routines are bounded and can hardly be changed in the short-run. According to the "satisfying" principle of Simon (1956) Holland et al. (1986) ; resource endowment and working routines are essential components of "perception rules". Resource endowment, working routines and perception rules lead to the so-called "path-dependency" (see Dosi 1982 Dosi , 1988 How to get out of this "narrowing" tendency in applied research and remain productive in the innovation behavior over a longer period in time? Following Cyert and March (1964) and March (1994) Brusoni et al. (2001) analyses the knowledge production of a specialized industry and found that they co-ordinate loosely coupled networks of specialists and maintain (in-house) their capabilities of system integration. Science linkages are of considerable importance for the technology output of firms (Cassiman et al. 2008) as well as for their innovation performance (Arvanitis et al. 2008a and 2008b ).
Furthermore we know for Switzerland that 'access to specific skills in addition to internal know-how' (46 % of transfer active firms) is by far the most important motive for transfer activities (see Arvanitis et al. 2007 ). This means firms aim at maintaining their knowledge base or modify (up-date) their knowledge base through technology transfer with universities (see Rothaermel and Ku 2008) . It also means that contacts to basic research or to the technology frontier enables a firm to broaden its knowledge base while focusing on the technology path and remain efficient in terms of innovative output.
3 Transfer activities could be one important way to achieve both an efficient innovation behavior in terms of successful commercialized innovative products, and to be attentive to newer technologies and thus to comply with an effective behavior. This is empirically investigated in the paper at hand. Since it is quite costly to maintain a broader knowledge base than it is immediately necessary, we would think that especially smaller firms should benefit more from knowledge contacts with universities while they remain focused on their technology path.
b) Empirical models and variables
In order to test this more theoretical explanation of firm behavior in relation to its innovation performance, technological specialization (path dependency), and transfer activities with universities, we go down the following research path: Following our reasoning above, we would expect that our proxies for the technology specialization of a firm are positively correlated with 'innosales'. This would show that firms following a technology path 3 A good impact of public knowledge on a firm-level assumes efficient knowledge and technology provision through Technology Transfer Offices (see Siegel et al. 2008) 4 Under knowledge and technology transfer we understand very broadly any activities targeted at transferring knowledge and technology that may help a company or a research institution -depending on the direction of the transfer -to further promote its activities. We asked the survey respondents to report on the importance of 19 different forms of knowledge and technology transfer activities. The 19 items were pooled into 5 main groups, i.e. informal contacts related to informational activities, utilization of infrastructure, forms related to university education, research co-operation and consulting. 5 There we used the same transfer data. table 4 ).
Fourthly, assuming that smaller firms have less financial means to maintain a broader knowledge base in-house, we should see that contacts with universities are more important and thus the relationship between innovation performance and the balance-measures and transfer activities are more essential. This would mean that the coefficients of 'Bpbalance_1', 'Simpson_1', and 'Stirling_1' should be greater the smaller firms are, in tendency.
c) Estimation procedure
All models are estimated using a tobit estimator (STATA Software). Our dependent variable (innosales)
is very right skewed (zero censored), since we included non-innovative firms by giving them a zero in the 'innosales' variable. Furthermore we calculated heteroscedasticity robust standard errors. 'exknow' and 9 'rd' are expected to be endogenous. For 'exknow' please refer to the comments in b) empirical models.
'rd' is a binary variable and expresses structural information that is not subject to change in the shorter run. Thus, we assume 'rd' to be stable over time and thus the model (1) it is not affected by "endogeneity".
Measuring technology specialization
There are a number of possibilities measuring technology specialization. Fai (2003) or Patel and Pavitt (1997) apply the RTA (revealed technological advantage) measure on an industry level. Also concentration measures like the very well know "Herfindahl-index" or an "entropy" measure (see Jacquemin and Berry 1979, Zander 1997) In the investigation at hand we refer to the patent field inscription of patenting firms (see chapter on data) in order to measure technology specialization. Following the IPC (International Patent Classification) we have 8 sections, more than 100 classes and several hundred subclasses. The specialization or "balance" measures refer to the class and section levels. They look at the allocation of firms' patent field inscription among sections. The more equally allocated the patent activities of a firm among sections, the more "balanced" is its technology portfolio and the less "specialized" are its activities. Based on firms' patent activities we can say that the applied measures describe the technology path (accumulated knowledge) of a firm. 7 In order to have robust results we applied three measures. 
Data
For this study we used two data sources. Firstly, and in co-operation with NetBreeze 8 we assigned patent fields (section, classes, subclasses) to patenting Swiss firms .
We used the information on esp@cenet (patent application and granted patents around the worldwww.espacenet.com). We assigned technology (patent) fields according to the patent classification to single firms. Thus we only assigned technology fields to firms with patent activities (920 firms (see table 2 for the allocation of patents to patent fields).
Secondly, we collected data in the course of a survey among Swiss enterprises about their transfer activities with universities. From this survey we used the information about the intensity of transfer activities, the industry affiliation of firms, firm size, patent activities, education level of the employees, and whether a firm is foreign-owned. The survey was based on a (with respect to firm size) disproportionately stratified random sample of firms with at least 5 employees covering all relevant industries of the manufacturing sector, the construction sector and selected service industries (excluding industries with an expected very low propensity of KTT activities such hotels/catering, retail trade, real estate/leasing, personal services). Answers were received from 2582 firms, i.e. 45.4% of the firms in the underlying sample. The response rates do not vary much across industries and size classes with a few exceptions (overrepresentation of wood processing, energy industry and machinery, under-representation of clothing/leather industry). The non-response analysis (based on a follow-up survey of a sample of the nonrespondents) did not indicate any serious selectivity bias with respect to the incidence of transfer activities with universities/science institutions. In a further step we matched the information from the survey with 12 the patent information on the firm-level and received a combined data set of 2512 observations if we look at the qualitative (0/1) transfer variable and we received 445 observations if we look at the "balance" measures (only firms with patent activities that have answered our survey).
Results
The main results are presented in table 5, table 6, and table 7 for "all firms", "firms with less than 300 employees", and for "firms with less than 150 employees", respectively.
The most important result of this study is that more technologically specialized firms are more likely to increase their sales through new and/or essentially modified products compared to firms with more equally allocated patent field inscriptions among patent sections. This shows that -although a more interdisziplinary approach might be helpful for new discoveries -more concentrated research activities along a technological path more likely result in an above average sales share of innovative products compared to less directed research activities. We know that following a technology path runs the risks of missing application potential of alternative promising technologies. It could make a firm blind for new developments (see Utterback 1996 (table A1) . 12 Since we can only run a cross-section econometric analysis due to data limitations, it sounds strange to talk about "technology path". However, we collected the patent activities of firms over a very long period of time and it is assumed that all patent activities of one firm together give a quite good picture about its accumulated knowledge. In case the accumulated knowledge is focused we suggest a great path-dependency. In case the accumulated knowledge is broad (in terms of patent field inscriptions) we suggest that a firm is technologically less focused. Thus the observed knowledge endowment is a consequence of past patent activities -therefore "technological path". 
Conclusions
Using data on the technology transfer activities of private enterprises (2582 observations) and patent information from 920 patenting firms we found that firms are more productive in terms of innovation output if they are following a so called "technology path" and having transfer activities with public research institutions. This means that firms can ameliorate the risk of technology specialization through transfer activities. These results are robust in terms of different firm sizes. In fact smaller firms tend to benefit more from the combination of technology specialization and transfer activities compared to larger firms.
Thinking in some broader implications of these findings, then one could consider public research activities not only as a possibility for firms to decrease performance risks related to a technological specialization, but also from a more general, evolutionary point of view, public research may ease the risk of technology "lock-in" of a society and thus make it more likely that we find technology solutions to urgent societal (vital) problems in case dominant technologies used in the industry are not likely to provide farreaching solutions (e.g. environment pollution). Thus public research essentially contributes to more sus-14 tainable behavior in terms of technology use. Transfer contacts with public research could enable firms to be efficient and effectively.
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Further research could look at the time dimension of transfer activities, technological orientation of a firm and innovation performance by using panel data. Furthermore the implication of technology specialization and transfer activities on firm productivity or price-cost-margin should be investigated as well.
13 Just thinking in the automotive industry it appears that the large car producing companies are not able to change or modify their "core technologies" in order to address new societal needs of more environmental adequate transport. In the 1930s of the last century electric engines, combustion engines, and steam engines were on the same development status. Nowadays it looks like that knowledge about alternative engine technologies is not sufficiently available in the car industry. Public research could essentially contribute to shorten the way for alternative engines, in a way that we do not have to start alternative research based on the knowledge base of the 1930s. 
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